Background: Calcium pyrophosphate dihydrate deposition disease is a common
Introduction
Calcium pyrophosphate dihydrate (CPPD) deposition disease is a metabolic disorder characterized by non-infectious joint inflammation with intra-or periarticular calcification 1 . In 1962 McCarty 2 and his team were the first to describe the association of CPPD crystals in the synovial fluid of knees of patients with cartilage calcifications visible on standard radiographs, termed chondrocalcinosis 3 , and acute symptoms commonly associated with gout. Most population based research uses chondrocalcinosis as the basis for the presence of CPPD and this is strongly associated with an increase in age. Over the age of 60 6 to 15% of patients demonstrate radiological signs of chondrocalcinosis and over 80 years the prevalence increases to 30 to 40% 1 , 4 . Despite increasing awareness the majority of manifestations are likely to be underdiagnosed 5 .
Ryan et al. 6 proposed the term CPPD deposition disease since symptoms can vary widely from asymptomatic to acute or chronic manifestations 3 . Acute synovitis associated with CPPD crystal deposits is termed pseudogout while pyrophosphate arthropathy characterises the long-term endpoint with structural joint alterations. CPPD deposition disease is most commonly found in intraarticular fibrocartilage of the knee, the triangular ligament of the wrist, symphysis pubis, shoulder and the temporomandibular joint (TMJ) 4 .
Periarticular structures are affected in up to 52% 7 . Some patients develop remarkable pseudotumoral calcifications that may cause symptoms directly or indirectly by compression of periarticular structures such as the myelon 8 . This presentation is termed tophaceous pseudogout (tophaceous CPPD deposition disease (TCPPD), tumorous pseudogout) and is most commonly reported in the of the TMJ revealed a 27mm sized T2 hypointense mass originating from the right articular eminence with anterior intraarticular extension (Fig 1a,b) .
Computed tomography (CT) showed significant calcification of the lesion without adjacent bone destruction (Fig 2a,b) . Differential diagnosis included osteochondroma, synovial sarcoma, synovial chondromatosis, pigmented villonodular synovitis, chondrosarcoma, gout, CPPD deposition disease and amyloid deposition.
The patient was hospitalised for tumour resection. On admission the interincisal distance was 43mm, TMJ pain was experienced during palpation and during laterotrusion to both sides. All blood tests (electrolytes, kidney and liver parameters, cholesterol, iron, ferritin, thyroid stimulating hormone, hemoglobin, hematocrit, thrombocytes) were within normal limits. Surgical revision was performed by way of a preauricular/coronal incision with zygomatic osteotomy to gain access to the retromaxillary space 11 (Fig 3) . The tumourous tissue had an off-whitish hue and a granulated, pasty consistency. Intraoperative biopsies revealed no malignancy and therefore sparing resection was performed. The patient recovered without complications and could be discharged on the second postoperative day. Subsequent histologic examination confirmed the intraoperative suspicion of CPPD. Upon follow up the patient reported no TMJ pain or functional limitation and TMJ imaging by CT and MRI confirmed complete removal of the lesion.
Materials and Methods
The patient consented to have his records prepared for publication.
A PubMed search encompassing the English speaking literature was performed using Boolean combinations of the keywords: Chondrocalcinosis, pseudogout, TMJ, temporomandibular joint, infratemporal fossa, parotid, CPPD, calcium pyrophosphate dihydrate disease. The resulting abstracts were screened for relevance and the appropriate articles acquired and read. The pertinent datasets for each article were entered into a spreadsheet using each patient as a single entity. If specific signs or symptoms were reported but not others then those not mentioned were considered not to be present. If signs and symptoms were not discussed at all they were considered unavailable (n/a).
A second PubMed search not limited to the TMJ was performed searching for tophaceous pseudogout, CPPD deposition disease and crowned dens syndrome.
All localisations were recorded.
Results
Four articles were dismissed since identical patients were described in secondary articles [12] [13] [14] [15] . 54 articles reporting on CPPD in the TMJ with a total of 57 patients were included. The total number of cases add up to 58 when including our patient. An overview of all articles included can be found in Table 1 9,10,16-63 .
The PubMed search for tophaceous CPPD without limitation to the TMJ added an additional 48 patients 8,9,64-96 . 16 patients had deposits in the hand and cervical spine respectively, other locations included the foot, hip and acromioclavicular joint. If the crowned dens syndrome (CDS), crystalline deposits around the odontoid process of the axis, is used as a single search term 29 articles with 168 patients can be found 65, .
For CPPD in the TMJ, the average age was 60.2 years (male 59.8, female 60.6 years). With only one article not reporting on gender, we found a predominance in females (63.8%). The left TMJ (33 cases) was more commonly affected than the right joint (20 cases). Two cases had bilateral TCPPD. Information on the affected side was lacking in three cases.
Symptoms:
The most common complaint on presentation was either spontaneous or Table 1 . Information on imaging technique was lacking in one case.
CT was most commonly reported in 41 cases, closely followed by conventional 2-dimensional x-rays in 33 cases. Tomograms were rarely obtained after 1980s and MRI exams became increasingly common. Only five articles limited the scope of their imaging examinations to conventional x-rays and these patients were all seen before 1987. Patients usually had more than one set of imaging data and from the mid 1990s onwards most patients were evaluated by both CT and MRI scans. As in our case MR was followed by CT in 17 out of 23 MRI examinations.
TCPPD location:
Intraarticular CPPD deposits were found in 34 patients, of whom 19 patients had deposits in this location only. Of the 37 cases with periarticular manifestations, the location was circumferential in 14, anterior and medial in 12 respectively, lateral in 6 and posterior in 5 cases. Various combinations of intra-and periarticular presentations existed.
TMJ destruction and other joint involvement:
TMJ destruction was present in 74.1% (43/58) of all affected joints. Details regarding joint morphology were missing for five patients. Erosion usually affected both the condyle and the fossa and was always adjacent to CPPD deposits. The skull base was eroded in twelve cases and in five cases this erosion resulted in penetratation into the middle cranial fossa. Erosion was most commonly observed in intraarticular and medial localisations.
29% (17/58) reported symptoms in other joints. Besides the TMJ, CPPD was observed in the knee, wrist, pubic symphysis, shoulder and ankle in three patients, though none of them were tophaceous lesions. In the majority of cases, however, joint involvement was non-specific, namely without CPPD deposits.
Few patients were diagnosed with arthritis of the spine (two cases) or knee (one case). Two patients suffered from generalized arthritis (rheumatoid arthritis and non-specific arthritis). Two patients had bilateral tophaceous CPPD depositions.
Differential diagnosis:
Neoplastic lesions of any kind were suspected in 22 patients with chondrosarcoma being the most commonly considered etiology. Among nonneoplastic diseases, synovial chondromatosis was deemed possible nine times.
In 18 cases, no differential diagnosis (DD) was reported. Table 2 summarizes the differential diagnoses that were reported.
Preoperative tissue sampling:
Preoperative sampling was performed on only 23/58 patients ( Table 1 ). The most common procedure was needle aspiration cytology, two of them were CT guided. Conventional surgical biopsies were obtained in seven cases. One endoscopic and one transaural biopsy were also performed. In the majority of cases the result was CPPD but in three cases the samples revealed an incorrect diagnosis: one was inconclusive, one diagnosed a cartilaginous tumour and one a chondrosarcoma.
Treatment:
79.2% of the patients were treated surgically and 10.4% conservatively. 5.2%
received no treatment and in 5.2% of all cases the treatment modality was not reported ( Table 1) .
Macroscopy/Histology:
The intraoperative specimen was usually described as being off-whitish, soft granular gritty tissue with some calcifications. All were eventually diagnosed as CPPD by histology.
Outcome:
Conservative or no treatment yielded good results in 8 of 9 cases, the outcome of one case was not specified. Surgical revision resulted in one case of facial nerve paralysis and two with persistent TMJ pain, albeit on a much lower level ( Table   1 ).
Relevant associated illnesses:
Relevant associated illnesses included elevated PTH levels, hypercalcemia, hyperuricemia/gout, arthritis and non-specific joint pain, diabetes and hypothyroidism. Only a single patient reported direct trauma to the mandible. Table 1 .
Details are listed in

Discussion
TCPPD is an uncommon variant of CPPD deposition disease and according to our review it is most commonly reported in the TMJ. We found 58 patients with TCPPD in the TMJ whereas only 48 reports of patients with TCPPD in other joints could be found in the English speaking literature. Compared to the number of people suffering from chondrocalcinosis or CPPD, respectively, these cases are exceptional. Crowned dens syndrome (CDS) has recently been reported to be one of the more common forms of significant crystal, either CPPD or hydroxyl apatit, deposition diseases. However most cases of CDS do not represent tophaceous lesions but are rather small in size. Goto et al. 103 For surgical treatment an extraoral (preauricular or coronal) incision was the preferred access. Removal of the lesion was accomplished either by lateral parotidectomy or through osteotomies allowing access to the infratemporal fossa. Only very few articles describe intraoperative histology, which might have prevented some of the more aggressive resections. One patient was misdiagnosed as having a malignancy and was subsequently irradiated. The histology report was revised at a later date and aggressive treatment was halted.
75% of patients show some cartilage or bony destruction either on imaging or upon intraoperative inspection. Usually both, condyle and fossa, were equally affected. 12 patients had erosions of the skull base, usually emanating from CPPD deposits in the infratemporal region. This observation reveals the remarkable destructive potential of tophaceous variants of the disease.
15% of patients had no resective treatment, and in 5.2% no treatment was initiated at all (see Table 1 Right infratemporal fossa with whitish, tumorous mass after coronal access, preauricular incision and zygomatic osteotomy 
